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(57) ABSTRACT

A fuel cell system and a method for controlling the same are
provided. The method includes rapidly increasing an angular
speed of a rotating magnetic field of an induction motor to
maximize 1ron loss of the induction motor, thereby resulting
in an increase 1n the temperature of a rise cell stack. The

method further includes eliminating torque of a driving
motor generated by an increase 1n the angular speed of the
rotating magnetic field, using a torque eliminator. The torque
climinator includes a P-stage reducer or a hydraulic break.

4 Claims, 3 Drawing Sheets
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FUEL CELL SYSTEM AND METHOD FOR
CONTROLLING THE SAME

CROSS-REFERENCE(S) TO RELATED
APPLICATION 5

The present application claims priority to Korean Patent
Application Number 10-2014-0070967 filed on Jun. 11,

2014, which 1s incorporated herein in 1ts entirety.
10

BACKGROUND

Field of the Invention

The present invention relates to a tuel cell system and a
method for controlling the same, and more particularly to a 15
tuel cell system and a method for controlling the same which
rapidly 1ncreases a temperature of a fuel cell stack under
cold start conditions.

Description of the Related Art

A tuel cell vehicle includes a fuel cell stack 1n which a 20
plurality of tuel cells used as a driving power source are
stacked, a fuel feeding system configured to feed hydrogen,
that operates as a fuel, to the fuel cell stack, an air feeding
system configured to feed air, which 1s used as an oxidizing
agent 1n an electrochemical reaction 1n the fuel cell stack, 25
and a heat-and-water management system configured to
adjust a temperature of the fuel cell stack.

The fuel feeding system reduces a pressure of compressed
hydrogen stored in a hydrogen tank and supplies the pres-
sure-reduced hydrogen to a fuel electrode (anode) of the fuel 30
cell stack. The air feeding system 1s also configured to
operate a blower to supply suctioned air to an air electrode
(cathode) of the fuel cell stack.

When hydrogen and oxygen are supplied to the fuel
clectrode and the air electrode of the fuel cell stack, respec- 35
tively, hydrogen 1ons are produced from the fuel electrode
through a catalytic reaction. The produced hydrogen ions
move to an oxidation electrode (air electrode) through an
clectrolyte membrane, and electrochemaical reactions occur
among the hydrogen 1ons, electrons, and oxygen, thus pro- 40
ducing energy. More specifically, an oxidation reaction
occurs through an electrochemical oxidation reaction of
hydrogen in the fuel electrode, and a reduction reaction
occurs through an electrochemical reaction of oxygen in the
air reaction. Further, produced electrons move, thus produc- 45
ing electricity and heat. During this process, vapor or water
1s produced through a chemical reaction where hydrogen
and oxygen are combined.

A discharging device 1s 1nstalled to discharge byproducts
such as heat, vapor and water, which are produced while the 50
tuel cell stack 1s generating electric energy, and remnants,
such as hydrogen and oxygen. Gases such as vapor, hydro-
gen, and oxygen are released via a ventilating pipe. A current
command 1ssued by a current command generator 1s output
to a current controller (not shown). The current controller 1s 55
configured to generate a d-axis voltage command and a
g-axis voltage command and then generate three phases of
voltage commands. Therefore, a motor may be controlled
through pulse width modulation and the three-phase current
control. 60

When a fuel cell vehicle stops, a portion of water pro-
duced during driving of the vehicle remains within the fuel
cell stack. When the exterior temperature 1s substantially
low (e.g., below a predetermined temperature) the remaining
water typically freezes and may eventually become 1ce and 65
disable the start of an engine. There are various reliable
methods of enabling a cold start. One method includes

2

quickly thawing cooling water using a heater and another
method includes heating air using a heater installed on a

pipeline of an air feeding system.

However installing a heater on a suction pipeline disposed
between an air blower and a humidifier at the time of cold
starting and heating a fuel cell stack by ventilating an
enclosure which surrounds the fuel cell stack using hot air
discharged from the fuel cell stack have some disadvantages.
Some examples of disadvantages are an additional heater 1s
necessary to heat the fuel cell stack and the tuel cell stack
requires a structural change. In other words, the necessary
changes complicate the arrangement and design of constitu-
ent parts and increase the manufacturing cost. Furthermore,
heating the fuel cell stack to a desired level using the heater
requires a substantial increase in time.

The foregoing 1s intended merely to aid 1n the understand-
ing ol the background of the present invention, and 1s not
intended to mean that the present mnvention falls within the
purview ol the related art that i1s already known to those
skilled 1n the art.

SUMMARY

An objective of the present invention provides a fuel cell
system and a method for controlling the same which may
rapidly increase a temperature of a tuel cell slack using an
induction motor (when an induction motor 1s used as a
driving motor).

According to an exemplary embodiment of the present
invention, a method for controlling a fuel cell system, may
include: rapidly increasing an angular speed of a rotating
magnetic field of an induction motor configured to maximize
iron loss of the induction motor, which may result 1n an
increase 1n a temperature of a fuel cell stack; and eliminating
a torque of a driving motor which may be generated by an
increase 1n the angular speed of the rotating magnetic field
using a torque eliminator. The torque eliminator may include
at least one selected from the group consisting of a P-stage
reducer and a hydraulic brake. The P-stage reducer denotes
a reducer 1n a state that the reducer 1s engaged with a park
gear (P gear).

The control method may further include: determining
whether a speed change gear of a vehicle may be engaged
with the P gear; and rapidly increasing the angular speed of
the rotating magnetic field when the speed change gear of
the vehicle 1s determined to be 1n the P gear. When the speed
change gear 1s not engaged with the P gear, a gear change
request signal may be output 1 order to shift the speed
change gear to the P gear. When the speed change gear 1s
shifted to the P gear in response to the gear change request
signal, the angular speed of the rotating magnetic field may
be increased. The control method may further include:
determining whether a fuel cell vehicle 1s 1n a cold start
environment, 1n which an external temperature of a fuel cell
vehicle 1s equal to or less than a predetermined temperature.
The increasing the angular speed of the rotating magnetic
field of the driving motor may be performed when the fuel
cell vehicle 1s determined to be 1n the cold start environment.
The control method may further include: increasing a value
ol a current command of the motor to 1increase an mduction
current of the imduction motor after increasing the angular
speed of the rotating magnetic field.

According to one aspect of the present invention, a fuel
cell system may include a fuel cell stack, an inverter
configured to receive power from the fuel cell stack, an
induction motor driven according to a signal output from the
inverter, a controller which configured to rapidly increase an
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angular speed of a rotating magnetic field of the induction
motor to maximize iron loss of the induction motor, which
may result 1n an increase 1n a temperature of the fuel cell
stack, and a torque eliminator configured to eliminate torque
of the induction motor, which may be generated due to an
increase 1n the angular speed of the rotating magnetic field.

According to another aspect of the present invention, it
may be possible to boost electrochemical reactions within a
fuel cell stack by reducing efliciency of an induction motor
by increasing 1ron loss of the mnduction motor, which may
result 1n a rapid increase 1n a temperature of a fuel cell stack.
Additionally, it may be possible to stabilize operation of the
induction motor by eliminating a torque of a motor gener-
ated due to an increase in waste heat generated from the
induction motor.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advan-
tages of the present mvention will be more clearly under-
stood from the following detailed description when taken 1n
conjunction with the accompanying drawings, in which:

FIG. 1 1s an exemplary block diagram schematically
illustrating a fuel cell system according to one exemplary
embodiment of the present invention;

FIG. 2 1s an exemplary flow chart illustrating a control
method for the fuel cell system according to one exemplary
embodiment of the present ivention;

FIG. 3 1s an exemplary graph illustrating an increase in
angular speed of a rotating magnetic field, and torque and
power loss according to the increase of the angular speed
according to one exemplary embodiment of the present
invention; and

FIG. 4 1s an exemplary graph illustrating changes in
power loss according to current command values at a
constant angular speed of a rotating magnetic field according
to one exemplary embodiment of the present invention.

DETAILED DESCRIPTION

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, e¢le-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereol. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.

Although exemplary embodiment 1s described as using a
plurality of units to perform the exemplary process, it 1s
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, 1t 1s
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory 1s configured to store the modules and the
processor 1s specifically configured to execute said modules
to perform one or more processes which are described
turther below.

Furthermore, control logic of the present invention may
be embodied as non-transitory computer readable media on
a computer readable medium containing executable program

istructions executed by a processor, controller/control unit

5

10

15

20

25

30

35

40

45

50

55

60

65

4

or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMSs, magnetic tapes, floppy disks, flash drives,
smart cards and optical data storage devices. The computer
readable recording medium can also be distributed in net-
work coupled computer systems so that the computer read-
able media 1s stored and executed 1n a distributed fashion,
¢.g., by a telematics server or a Controller Area Network
(CAN).

It 1s understood that the term ““vehicle” or “vehicular” or
other similar term as used herein 1s inclusive of motor
vehicles 1 general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercrait including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
clectric vehicles, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Unless specifically stated or obvious from context, as
used herein, the term “about™ 1s understood as within a range
of normal tolerance 1n the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%.,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

Specific structural and functional descriptions of exem-
plary embodiments of the present invention disclosed herein
are only for illustrative purposes of the exemplary embodi-
ments ol the present invention. The present invention may
be embodied 1n many different forms without departing from
the spirit and significant characteristics of the present inven-
tion. Therefore, the exemplary embodiments of the present
invention are disclosed only for illustrative purposes and
should not be construed as limiting the present invention.

Reference will now be made 1n detail to various exem-
plary embodiments of the present invention, specific
examples of which are illustrated 1n the accompanying
drawings and described below, since the exemplary embodi-
ments of the present invention may be variously modified in
many different forms. While the present invention will be
described 1 conjunction with exemplary embodiments
thereof, 1t 1s to be understood that the present description 1s
not intended to limit the present invention to those exem-
plary embodiments. On the contrary, the present invention 1s
intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents.

It will be understood that, although the terms “first”
“second,” etc. may be used herein to describe various
clements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. For instance, a first element discussed
below could be termed a second element without departing
from the teachings of the present mmvention. Similarly, the
second element could also be termed the first element.

It will be understood that when an element i1s referred to
as being “coupled” or “connected” to another element, 1t
may be directly coupled or connected to the other element or
intervening elements may be present therebetween. In con-
trast, 1t should be understood that when an element 1s
referred to as being “directly coupled” or “directly con-
nected” to another element, there are no intervening ele-
ments present. Other expressions that explain the relation-
ship between elements, such as “between,” “directly
between,” “adjacent to,” or “directly adjacent to,” should be
construed 1n the same way.
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Unless otherwise defined, all terms including technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted 1n
an 1dealized or overly formal sense unless expressly so
defined herein.

Hereinbelow, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. Throughout the drawings, the
same reference numerals will refer to the same or like parts.

FIG. 1 1s an exemplary block diagram schematically
illustrating a fuel cell system according to one exemplary
embodiment of the present invention. The fuel cell system
according to one embodiment of the present invention may
include a fuel cell stack 10, an inverter 20 configured to
receive power Irom the fuel cell stack 10, an induction motor
30 driven by a signal output from the inverter 20, a torque
climinator 40 configured to eliminate torque of the induction
motor 30 which may be generated due to an increase 1n an
angular speed of a rotating magnetic field of the induction
motor 30, and a controller 50 configured to rapidly increase
the angular speed of the rotating magnetic field of the
induction motor 30 to maximize iron loss of the induction
motor 30, which may result in an increase 1n the temperature
of the fuel cell stack 10.

The induction motor 30 may be one selected from the
group consisting of: a traction motor, an air blower motor,
and a three-phase alternating current (AC) motor. A stator of
the induction motor 30 may 1nclude three coils, which may
receive current command signals, modified from a d-axis
current command and a g-axis current command which may
have an about 90 degree phase diflerence from each other,
to adjust the rotation speed and torque of the induction motor
30. Under a normal operation condition when the fuel cell
system 15 not 1 a cold start environment, the induction
motor 30 may be configured to operate with maximum
eiliciency. The mduction motor 30 may be used as a load to
promptly increase an operation temperature of the fuel cell
stack 10. In other words, when loss from the induction motor
30 increases, power obtained from the fuel cell stack 10 may
be distributed. A function of the induction motor 30 may be
to convert electric energy into mechanical energy for rota-
tion. The technology of the present invention may increase
a proportion of the energy consumed as heat. The inverter 20
may include a plurality of semiconductor switching devices
such as IGBTs (Insulated Gate Bipolar Transistors) and a
plurality of diodes configured to convert direct current (DC)
output from the fuel cell stack to alternating current (AC)
used by the coils of the stator.

The controller 50 may be configured to rapidly increase
the angular speed of the rotating magnetic field of the
induction motor 30 to maximize 1ron loss (hysteresis loss) of
the induction motor 30. FIG. 3 1s an exemplary graph
illustrating increases i an angular speed of a rotating
magnetic field and changes 1n generated torque and power
loss according to the angular speeds. As illustrated 1n FIG.
3, as the angular speed of the rotating magnetic field
increases, 1ron loss of the induction motor 30 increases and
the torque of the induction motor 30 decreases. This may be
limited to when the induction motor 1s stopped and a
predetermined torque command 1s applied. In other words,
the speed of the rotating magnetic field, the generated
torque, and the 1iron loss of the induction motor 30 are related
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6

to each other. Furthermore, the 1ron loss of the induction
motor 30 1s proportional to wasted heat from the motor. The
iron loss may be a loss attributable to the induction motor 30
and 1t may be hysteresis loss. Hysteresis loss 1s energy
consumed as Irictional heat while dipole molecules are
moving due to change in magnetizing force. In other words,
when the angular speed of the rotating magnetic field 1s
increased, to increase the magnetizing force, the iron loss
also increases. Accordingly, the controller 50 may be con-
figured to increase the angular speed of the rotating mag-
netic field to increase the 1ron loss of the induction motor 30.
The torque, which may be generated due to an increase in the
speed of the rotating magnetic field, may be eliminated by
the torque eliminator 40. The torque eliminator 40 may be a
P-stage reducer or a hydraulic brake, but 1t 1s not limited
thereto.

When the torque eliminator 40 1s the P-stage reducer, the
controller 50 may be configured to determine whether a
speed change gear engaged to a park gear (P gear). In
response to determining the speed change gear has not
engaged to the P gear, the controller 50 may be configured
to increase the speed of the rotating magnetic field after
shifting the speed change gear to engage the P gear. Further,
the controller 50 may be configured to determine whether a
tuel cell vehicle may be 1n a cold start environment 1n which
a current external temperature of the fuel cell vehicle 1s less
than a predetermined temperature. When the condition 1s
determined to be a cold start environment 1t may not be
necessary to increase the iron loss of the induction motor 30.

FIG. 2 1s an exemplary flow chart 1llustrating a method for
controlling a fuel cell system according to one exemplary
embodiment of the present invention. The method for con-
trolling a fuel cell system may include: determining, by a
controller, whether a fuel cell vehicle 1s 1n a cold start
environment (Step S203) when an 1gnition key 1s turned on
(Step S201). When 1n a cold start environment, the P-stage
reducer, which may operate as the torque eliminator 40, may
be configured to determine whether a speed change gear 1s
currently engaged to the P gear (Step S205). The torque
climinator 40 may be executed by the controller 50. When
the speed change gear 1s not engaged to the P gear, the
controller 50 may be configured to output a gear change
request signal (Step S207) and determines whether the speed
change gear 1s shifted to the P gear (Step S209). The
controller 50 may be configured to increase the angular
speed of the rotating magnetic field of the induction motor
30 when the speed change gear stays engaged to or shiits to
the P gear (Step S211). When the increased speed of the
rotating magnetic field reaches a predetermined speed, the
controller 50 may be configured to increase the value of the
current command to be output to the induction motor 30, to
increase the mduction current of the induction motor 30 at
a substantially constant speed of the rotating magnetic field.

FIG. 4 1s an exemplary graph 1llustrating tluctuations in
iron loss according to changes in current commands at a
constant speed of a rotating magnetic field. As illustrated 1n
FIG. 4, the value of a torque command and the 1ron loss of
the mduction motor 30 both increase when the value of a
current command 1increases when an angular speed of a
rotating magnetic field 1s about 30000 rpm.

Furthermore, the controller 30 may be configured to
instruct the torque eliminator 40 to eliminate the torque
generated by an increase 1n the speed of the rotating mag-
netic field. A relationship between the generated torque and
wasted heat from the induction motor 30 may exist. Fur-
thermore, it may be possible to increase the load of the fuel
cell stack 10 by eliminating the generated torque using the
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torque eliminator. Accordingly, 1t may be possible to reduce
a time required to cold start a fuel cell vehicle.
Although the present invention has been described with
reference to exemplary embodiments 1llustrated in the draw-
ings for illustrative purposes, those skilled in the art will
appreciate that various modifications and equivalent
embodiments are possible, without departing from the scope
and spirit of the mvention. Accordingly, the substantial
technical protection scope of the present invention will be
defined by the appended claims.
What 1s claimed 1s:
1. A method for controlling an operation of a fuel cell
system, comprising:
increasing, by a controller, an angular speed of a rotating
magnetic field of an induction motor, which 1s driven
by a signal output from an 1nverter configures to
receive power from a fuel cell stack, to maximize 1ron
loss of the induction motor, thereby and increase a
temperature of a fuel cell stack;
climinating, by the controller, torque, generated due to an
increase in the angular speed, of a driving motor using
a torque eliminator, wherein the torque eliminator
includes a park-stage reducer or hydraulic brake;

increasing, by the controller, a value of a current com-
mand of the motor 1 order to increase an induction
current of the induction motor after increasing the
angular speed of the rotating magnetic field;

outputting, by the controller, a gear change request signal
so as to shiit the speed change gear to the P gear when
the speed change gear 1s not engaged to the P gear; and

increasing, by the controller, the angular speed of the
rotating magnetic field when the speed change gear 1s
shifted to the P gear 1n response to the gear change
request signal.

2. The method of claim 1, turther comprising;:

determining, by the controller, whether a fuel cell vehicle

1s 1 a cold start environment, wherein an external
temperature of a fuel cell vehicle 1s equal to or less than
a predetermined temperature; and
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increasing, by the controller, the angular speed 1n
response to determiming that the fuel cell vehicle 1s n
the cold start environment.
3. A fuel cell system comprising:
a fTuel cell stack;
an inverter configured to receive power from the fuel cell
stack;
an induction motor driven by a signal output from the
inverter:;
a controller configured to:
rapidly increase an angular speed of a rotating magnetic
field of the induction motor to maximize 1ron loss of
the induction motor, and to increase a temperature of
the fuel cell stack:
climinate torque of the induction motor which 1s
increased due to an increase 1n the angular speed of
the rotating magnetic field, using a torque eliminator,
wherein the torque eliminator includes a park-stage
reducer or a hydraulic break;
increase a value of a current command of the motor to
increase an induction current of the mnduction motor
alfter increasing the angular speed of the rotating
magnetic field;
output a gear change request to shiit the speed change
gear to engage the P gear when the speed change
gear 1s not engaged to the P gear; and
increase the angular speed of the rotating magnetic field
when the speed change gear 1s shifted to the P gear
in response to the gear change request.
4. The tuel cell system of claim 3, wherein the controller
1s Turther configured to:
determine whether a fuel cell vehicle 1s 1n a cold start
environment wherein an external temperature of a fuel
cell vehicle 1s equal to or less than a predetermined
temperature; and

increase the angular speed 1n response to determining that
the fuel cell vehicle 1s 1n a cold start environment.
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